This apparatus has now been used in more than 100 cases in patients between the ages of 14 and 76. There has been no morbidity in any patient or damage to any syringe. I feel that rapid injection by this technique is quite reasonably safe for the patient, safer for the operator and produces pictures of a quality far superior to those obtainable by hand injection.
Although no electrolyte imbalance has been noticed in our unit at Leeds (Pyrah et al., 1955) following these operations, and having established, as we believe, the technical soundness and practicability of these procedures, it was thought desirable to undertake a study of the ionic exchanges which may take place across the mucosa of the ileum when urine is in contact with it. This study seemed all the more desirable in view of the known absorption of electrolytes, frequently resulting in an electrolyte imbalance in the internal environment, when urine is present in the large intestine following uretero-colic anastomosis. Moreover, Bricker (1950) , Wilson (1953) and Annis et al. (1954) have all recorded instances of hyperchlorxmic acidosis after implantation of the ureters into an ileal loop, though these instances may have a purely mechanical interpretation. Tasker (1953) has reported a case in which death from hyperkalxmia was believed to have resulted from potassium absorption following the operation of ileo-cystoplasty, which was complicated by oliguria and hence by the subsequent failure of potassium elimination.
Since the movements of sodium, chloride and potassium ions have the greatest bearing upon the incidence of chemical imbalance, it was decided to study these movements first. This was done in two ways. As an example of the first, a fluid containing electrolytes having a known composition approximating to that of urine, was introduced into an excluded bladder where it was allowed to remain for one hour. It was removed and analysed and the two sets of figures were compared. This experiment was then repeated after an isolated coil of ileum had been added to the bladder in order to increase its capacity. In this case allowance had to be made for the urine which flowed into the new bladder from the attached ureter. This investigation, by simple chemical analysis, will give only the net changes in the ions which are analysed but will give little or no information about the actual movements of these ions which have occurred. The second method involved the use of radioisotopes and it was then possible to gain information about the quantitative ionic movement between the organ and the blood stream in either direction. In this study we used the radioisotopes Na24, C138, and K'2.
Sodium, chloride and potassium ions are known to be in a continuous state of movement across the mucous membrane of the intestine and the closely applied capillary walls in both directions at the same time, thus resulting in a transport of ions from the lumen of the gut to the blood plasma, and from the blood plasma to the lumen of the gut (Fig. 1 ). But this transport of ions in both directions at the same time is not necessarily equal, the direction of net transport of the given ion at any one time depending upon various factors. There is ultimately reached an equilibrium between the concentrations of ions at the two sides of the membrane, varying for different ionic concentrations, which is called a dynamic equilibrium (Visscher et al., 1944) . The first case in which we applied these techniques to the study of ionic migration across the wall of the ileum was a case of uretero-ileocystoplasty.
The patient was a woman aged 42 with a very large vesico-vaginal fistula for which both ureters were transplanted into the distal colon. Recurrent attacks of severe ascending renal infection developed in the succeeding twenty months, resulting in a considerable degree of invalidism. As it was observed that the fistula in the now empty bladder had markedly reduced in size, it was decided to repair the fistula in order to obviate further damage to the kidneys. The ureters were then reimplanted into the bladder, employing an isolated coil of ileum (Fig. 2) because the ureters would not reach from their point of section at the sigmoid anastomosis to the bladder. When the bladder had been repaired and was seen to be firmly healed, and before the ureters were reimplanted into the bladder, the patient had a completely healed and excluded bladder which could be examined for possible migration of sodium and chloride ions across its mucosa into the blood stream. In this way, a control was obtained for studies on the effects of the addition of an ileal loop to the bladder, on the ionic migration between this modified bladder and the blood.
It was first necessary to study the significance of any given level of radioisotope concentration in the blood stream, as measured by Geiger-counter techniques, starting from the moment of its injection and for a given subsequent period.
If exactly equivalent amounts of sodium and chloride ions were injected intravenously at the same time, then the concentrations in the blood would gradually become different because these ions have different volumes of distribution in the body and, moreover, move into these volumes at different rates. When intravenous injection of the two isotopes Na24 and C1PN, was given and the concentrations of these isotopes in the blood were measured, with time, the graph shown in Fig. 3 having been transplanted into the colon) and the subsequent uptakes of these ions by the blood. The ordinates are expressed in mEq./l. AB represents the true differential uptake after 60 minutes of Cl38 ions relative to that of Na", expressed in mEq.fl. calculate mathematically (Reed and Care, 1954) the theoretical blood uptake v. time curves of Na" and Cl38, which would arise if sodium and chloride ions migrated across a given membrane in the body, or across the wall of a body (in our case the ileum), in exactly equivalent amounts expressed in mEq./l. These theoretical uptake curves could then be compared with the actual uptake curves in order to detect any departure from an uptake of sodium and chloride ions in amounts equivalent to-one another.
Having thus established the foundations for 'the investigation, the technique was to introduce into the bladder 100 ml. of an artificial urine (Table I) labelled with the radioisotopes Na4 and CIP& (half-lives 15 hours and 38 mins. respectively) and to observe the movement of these isotopes from the bladder into the blood over the 60-minute period during which the fluid was retained in the bladder. This was done by taking blood samples at suitable intervals and measuring their radioactivity by Geiger-counter techniques. The decay of the radioactivity of these blood samples, with time, was measured, and the proportions of Na" and C138 in mEq./l. were calculated by taking advantage of their very different half-lives. Fig. 4 shows the uptake into the blood of Na4 and C138 ions in mEq./l. from the excluded bladder. The uptakes are very small and they indicate the existence of a very small exchange of sodium and chloride ions, between bladder contents and the blood, not greater, in fact, than four to five milliequivalents in the 60 minutes of the experiment. Moreover, the amounts of sodium and chloride ions, so taken up, are approximately equal. When the observed uptake curves OC and OA are fitted to the theoretical curves of uptake OC and OB, which are calculated on the assumption that Na4 and C188 have been taken up in exactly equivalent amounts, it is seen that Cl" is taken up to a slightly greater extent than Na4 but this difference is not significant. We believe that this is the first time that the observation has been made that these ions can cross the mucosa of an isolated bladder into the blood stream.
The chemical analyses of the fluid used before and after its retention in the excluded bladder are shown in Table Ll ; within the limits of experimental error there appears to be no significant net ionic movement across the bladder wall, despite the fact that small amounts of Na4 and Cl" ions were shown by the previous experiment to move across the bladder epithelium into the blood. Equivalent amounts must therefore have migrated in the opposite direction, i.e. from blood to bladder, in order to give the zero net transfer shown chemically. A dynamic equilibrium is thus shown to exist. The above procedure was repeated after one ureter had been reconnected to the bladder by means of the ileal loop. Fig. 5 shows the uptake into the blood of Na2" and C13" ions in %. CONC. IN mEq./l. from this modified bladder. After the theoretical and experimental sodium curves OC have been fitted together, it is seen that the theoretical and experimental chloride curves (OB and OA respectively) are again almost coincident, i.e. the fact that AB is very small is indicative that sodium and chloride ions move in the direction, bladder plus ileum to blood, in almost equivalent amounts.
To verify this finding, the fractional losses of Na"4 and C138 from the fiuid in the bladder plus ileal loop were calculated, corrected for isotopic dilution and compared (Table III) . The close agreement between these two values is indicative of the equivalence with which sodium and chloride ions migrate across the ileal mucosa from bladder to blood. It is concluded that there is little or no difference in the relative migration rates of sodium and chloride ions across the mucosa of the ileum into the blood. TIhe chemical analyses of the fluid before and after its retention in the enlarged bladder are shown in Table IV . They are not o7f much value for our present purpose because it is S impossible to make accurate comparisons between the fluid before and after its retention in this modified bladder because of the urine entering the bladder from the transplanted ureter.
Jleo-cystoplasty.-The second patient was a woman aged 61 with a contracted bladder, the capacity of which -was only 60 to 80 ml. A loop of lower ileum of length 23 cm. was anastomosed laterally to the top of the bladder, the cap5acity of which was thereby increased to about 260 ml. A similar investigation to that already described was then carried out in which Na4 and C138 were introduced into the enlarged bladder as part of an artificial urine (Table V) . This urine was retained for an hour during which time blood samples were taken at suitable intervalg and their radioactivities measured and analysed. Cl"8 ions from a bladder enlarged by the addition of an ileal loop, and the subsequent uptakes of these ions by the blood. AB represents the true differential uptake after 70 minutes of C1l3 ions relative to that of Na24, expressed in mEq./l.
shows the results obtained. Once again the difference AB between the experimental and theoretical uptakes of chloride ions relative to that of sodium ions is very small, thus indicating that sodium and chloride ions are absorbed by the blood from the ileum in approximately equivalent proportions. This conclusion is supported by the comparison between the fractional losses of C138 and Na4 ions from the enlarged bladder (Table VI) . Fall in concn. of Cp" ions Av. concn. of Clions in Initial concn. of Cl" ions bladder fluid in mEq./l. 51 mEq./l. Fall in concn. of Na24ions Av. concn.ofNa+ ions in Initial concn. of Na" ions x bladder fluid in mEq./l. -5 mE : In this case it was possible to show that absorption of potassium results from the contact of a fluid containing 28 mEq./L of potassiumrwith the ileal mucosa for one hour. Such a at ti 832 Proceedings of the Royal Society of Medicine 32 potassium concentration approaches that likely to be found in urine. The significance of this finding will be discussed in the next case where it was possible to study this point more fully.
The perfusion of an isolated loop of ileum as an auxiliary kidney.-As a form of palliative treatment of a woman suffering from congenital cystic kidneys, a loop of terminal ileum 120 cm. in length was isolated and the two ends of the loop brought to the surface of the body in each iliac fossa (Fig. 7) . *Continuity of the small intestine was restored by lateral anastomosis. This isolated loop was perfused with a suitable fluid in order to promote the transfer of certain ions, urea and perhaps toxic material betweqn the blood and this fluid. That some toxic material was washed out is probable in view of the fact that clinical improvement occurred after almost every perfusion. During the perfusion, particular attention was paid to the movement of potassium ions. Throughout each period of perfusion, the patient was kept on an approximately constant diet, low in both protein and salt. It was thought possible that the absorption or excretion of potassium depended upon the concentration of potassium in the perfusion fluid relative to its concentration in the plasma. In order to investigate this hypothesis, a series of perfusion fluids of different concentrations was made (Table VII) , based on a fluid used by Kolff (1947) . These were used one by one at a steady flow rate and a number of samples of the efflux were analysed for potassium. It was found that there was an excretion of potassium into the loop when an isotonic perfusion fluid was employed but when the original potassium concentration in the perfusion fluid exceeded the relevant plasma potassium concentration by a factor of from two to three, reversal of net potassium movement took place and with it a net absorption of potassium from the gut. This latter finding confirmed the result obtained in the second case of ileo-cystoplasty just described and suggests that a net absorption of potassium would occur if urine were allowed to flow through a length of ileum. In both patients concerned, the red blood cell potassium levels were normal. In order to confirm this finding, radioactive potassium, K'2, was administered intravenously and the radioactivity of the perfusion efflux was measured in a special flow type of Geiger counter. It was found that as the potassium concentration of the perfusion fluid increased, the radioactivity of the efflux decreased (Fig. 8) , i.e. less potassium moved from blood to perfusion fluid as the potassium concentration of the perfusion fluid increased. However, even when chemical analysis of the perfusion efflux showed a net absorption of potassium from the gut, the efflux still showed radioactivity, thus demonstrating quite clearly the dynamic nature of the equilibrium governing potassium migration. Table VIII shows the changes in blood potassium associated with the use of a series of perfusion fluids. It can be seen that the changes in blood potassium values reflect those changes in the potassium composition of the perfusion fluids already observed by chemical analysis of these fluids before and after passage through the loop of ileum. It was found that for values of the sodium chloride concentration in the perfusion fluid of about 125 mEq./l. there appeared to be no significant net uptake of either sodium or chloride ions and therefore no significant difference between the net uptakes of either. This sodium chloride concentration approximates to that found in normal urine.
Net absorption of sodium chloride from the gut seems to be favoured by a high sodium chloride concentration in the ileal fluid; this may bfrrobopate the greater absorption of Na24 and C138 ions from the gut noticed in the case of the enlarged bladder (Fig. 6) , when the sodium chloride concentration in the gut was about 260 mEq./l., compared to the case of the uretero-ileocystoplasty (Fig. 5 ) when the sodium chloride concentration in the gut was only 60 mEq./l.
Summary.-(l) The migration of sodium, chloride and potassium ions across the bladder mucosa and also across the mucosa of the ileum is a dynamic process in which movement in both directions takes place simultaneously.
(2) In the case of a fluid in contact with the mucous membrane of the ileum and having a sodium chloride content similar to that found in urine, there appears to be only a small, unimportant net uptake of sodium chloride via the ileal wall. However, for sodium chloride contents approaching the physiological maximum for urine, a marked net absorption of sodium chloride from the ileum is observed. It was found that absorption of sodium and chloride ions took place to almost the same extent, so that it is unlikely that a hyperchloraemic acidosis will arise from a differential uptake of chloride over sodium ions across the mucosa of a loop of ileum attached to the bladder.
(3) When the potassium concentration of fluid in contact with the mucosa of the ileum is less than two to three times that of the relevant blood plasma, a net excretion of potassium from blood to ileum takes place. But when the potassium concentration of fluid in contact with the mucosa of the ileum is almost three times that of plasma, and the cellular potassium is normal, the direction of net potassium movement is reversed and there is a net absorption of potassium from the ileum. Thus, if urostasis should occur in a patient with an ileal bladder, there may be a real danger of hyperkalkmia.
